The carotid body is generally regarded solely as a chemoreceptor. This paper presents evidence that the carotid body is also an endocrine gland, secreting one or more erythropoiesis-controlling hormones. Its removal is followed by anemia and by a lack of reticulocyte response to daily bleeding.
response to daily bleeding.
The removal of both carotid bodies results in a reduction of the high reticulocyte count induced by daily bleeding (5-40% of erythrocytes) down to 0.1% of erythrocytes.
The injection of an extract of the carotid body causes reticulocytosis within 5 hr. This reticulocytosis attains its peak 48-72 hr after injection. Daily bleeding for 15 days produces an increase in weight of the carotid body and ultrastructural alterations that indicate increased protein synthesis in the main cells. The injection of plasma from efferent blood from the carotid body into either normal cats or cats from which both carotid bodies have been removed is followed within 6 hr by the appearance of large numbers of reticulocytes and macroreticulocytes in peripheral blood. Carotid body extracts and efferent blood plasma exhibited erythropoietin activity, which was demonstrated in the polycythemic rat by the '9Fe incorporation method.
The function of the carotid body has been the subject of extended controversy. It was first described as a neural ganglion (1) and Luschka considered it a gland (2). Later, to Arnold, it was a glomus (3) and towards the beginning of the century Kohn (4) proposed the denomination "paraganglion intercaroticum." The experiments performed by Heymans and Bouckaert (5) proved it to be a chemoreceptor; since then the carotid body has been regarded exclusively as a chemoreceptor that detects blood PO2, pCO2, and pH variations. This paper presents evidence that the carotid body is also an endocrine gland secreting a substance that participates in the control of erythropoiesis.
MATERIAL AND METHODS
These experiments were performed on adult cats that were cannulated in the femoral vein. They were divided into the following groups: 1) Normal controls. 2) Normal cats bled daily (2 ml). 3) Cats from which both carotid bodies were removed ("operated cats"). 4) Operated cats bled daily (2 ml). 5) Normal cats bled daily for 15 days, then operated. 6) Normal and operated cats receiving carotid body extract, blood plasma from a peripheral vein, blood plasma from the carotid body efferent vessel, dopamine plus norepinephrine, and (or) cat adrenal cortex extracts.
Blood sampling 2-ml blood samples were drawn through the cannula from animals in groups 2, 4, and 5. The blood was collected in two tubes, one containing EDTA for microhematocrit determinations, the other with brilliant cresyl blue and EDTA for reticulocyte counts. Hemoglobin was determined by the alkaline hematin method (6).
Carotid bodies
The carotid bodies were removed (groups 3-5) under Nembutal anesthesia and weighed to within 0.01 mg. Carotid bodies preserved at -5°C were homogenized in acetone by means of a glass homogenizer. The acetone was evaporated under reduced pressure at 37°C and isotonic saline solution (1 ml per carotid body) was added. 1 ml of extract was injected intravenously in each test.
Cat adrenal cortex extract was similarly prepared. An amount equivalent to the weight of one carotid body was injected.
Catecholamine injection A mixture of 0.20 ,g of dopamine and 0.06 ,ug of norepinephrine-the amounts of these amines contained in one carotid body (7)-was injected intravenously.
Peripheral and carotid body blood A 2-ml sample of peripheral blood was drawn and the carotid body was exposed. The carotid body efferent vessel was then dissected and severed and the efferent blood was collected for 1 hr.
Other procedures
Erythropoietin activity was determined in plasma and carotid body extract by the method of Erslev (8) . Carotid bodies from animals bled for 15 and 30 days were fixed and embedded for light and electron microscopy as previously described (9 Reticulocytes fell in 4-9 days from 5-40% of erythrocytes to <0.1% (Fig. 2) . A short-lived reticulocytosis set in within 5 hr of the operation. The curves of Fig. 2 suggest the disappearance of two components at different rates. We tested the hypothesis that the faster-disappearing component has the func- Fig. 7 . The erythropoietin activity of plasma (Fig. 8 ) from 1 ml of carotid body efferent blood, determined in the same way, was similar to that of half the carotid body (both gave rise to 43% 59Fe utilization in 24 hr, compared to 4 4± 0.8% (n = 4) in polycythenic rats injected with peripheral blood plasma). (7) and 5-hydroxytryptamine (12), the cells containing these amines having been identified (9) . These findings could suggest that the main endocrine function of the carotid body is the secretion of biogenic amines. However, the absolute amounts of these amines contained in the carotid body are very small and their effect at a distance is highly unlikely. Consequently, certain authors consider that the catecholamines of the carotid body are the transmitters required for the onset of chemoreceptor impulses.
The dense granules of the cells contain catecholamines (7). Duncan and Yates (13) showed that reserpine depletes the catecholamine content of the granules but that the granules themselves are not morphologically altered. This suggests that the main cell granules may contain some other biologically active substance in addition to catecholamine and indolamine. This hypothesis was reinforced by the recent demonstration of the co-occurrence of a monoamine with a protein hormone in the same cell. It has been suggested that in such cases the monoamine may have an important role in the release of the protein hormone (14) . A similar situation could be suspected in the carotid body.
Chronic exposure to altitude causes enlargement of the carotid body to several times its original weight (unpublished data). We therefore suspected a possible relation between the carotid body and erythropoiesis.
The results presented here show that -the removal of the carotid body causes anemia in normal cats and in cats in which intense reticulocytosis has been induced through daily bleeding. The Removal of the carotid body causes an early reticulocytosis which disappears completely within 7-10 days after the operation. This phenomenon could be accounted for by comparing it to the thyrotoxic crises that follow thyroidectomy, to the crises of hypertension that follow adrenalectomy in pheochromocytoma, or to hypoglycemia after pancreatectomy. Conclusive proof that an organ is an endocrine gland can, however, be found only in the difference in hormone content between afferent and efferent blood. In this respect the results are conclusive. Peripheral blood plasma showed no activity, while the injection of plasma from efferent carotid body blood caused intense reticulocytosis. These findings show that the carotid body is an endocrine gland whose secretion stimulates erythropoiesis.
The blood of animals in chronic hypoxia is known to contain a factor that can stimulate erythropoiesis. Various methods have been used (8) to measure the activity of this factor, erythropoietin. Here, we have employed the method of 59Fe incorporation in the transfusion-induced polycythemic rat and found a dose-response-related erythropoietin activity for carotid body extracts.
Peripheral blood plasma showed no erythropoietin activity, whereas the carotid body efferent blood plasma exhibited high activity. These results could lead to the inference that the hormone secreted by the carotid body is erythropoietin. Erythropoietin is reported to act by enhancing the rate of differentiation of stem cells to nucleated red blood cells. This effect is not apparent in peripheral blood until 48 hr after erythropoietin injection, when the reticulocytes appear. Both the injection of carotid body extract and of efferent blood plasma caused the appearance of large amounts of reticulocytes and macroreticulocytes less than 6 hr after the injection. This reticulocytosis increased to a maximum 48-72 hr after injection.
The reticulocytosis decay curve after carotid body removal has two components, the slower of which requires 48-72 hr for completion. These results can be interpreted as showing that the carotid body produces two factors related to erythropoiesis: the one releases reticulocytes and is the cause for their early appearance in the blood when extract is injected into operated cats, while the other stimulates erythropoiesis and accounts for the delayed increase in reticulocytes. The latter factor may be similar to erythropoietin.
The results presented lead to the conclusion that in addition to its function as a chemoreceptor, as shown in a number of studies, the carotid body is an endocrine gland participating in the control of erythropoiesis. As it is both an endocrine gland and a chemoreceptor it can be regarded as a true neuroendocrine organ.
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